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Introduction: 

The detrimental effects of ozone on various crops such as tobacco, 
soyabeans and other leafy vegetables in southern Ontario have been well 
documented (Linzon et. al., 1984). Ozone is not emitted directly into the 
atmosphere by industrial sources, but is produced photochemically. It is 
also present at high concentrations in the stratosphere. Hydrocarbon and 
nitrogen oxide emissions from various sources, including petrochemical 
industries, automobiles and utilities are the anthropogenic precursors of 
most of the tropospheric ozone. The ozone, as well as its precursors, can 
be transported over long distances by synoptic scale wind systems, causing 
high ozone levels in areas which are quite distant from the precursor 
source area. (See, for example, Evans et al., 1983* Chung, 1977; Shenfeld 
et al., 1978; Heidorn, and Yap, 1984 ). 

As part of Ontario's program to develop an oxidant control strategy, 
the southwestern regional office of the Ministry of the Environment 
(MOE) requested the Atmospheric Research and Special Programs Section 
of Air Resources Branch, to conduct an investigation into the effects of 
emissions from the Sarnia petrochemical complex on the ozone levels in 
southwestern Ontario (Figure 1). The data presented in this report were 
collected during an airborne survey carried out in response to this request. 
In addition to the airborne measurements, extensive ground based 
monitoring was also carried out at Camlachie and Courtright. This ground 
based monitoring was further supplemented by the MOE and Lambton 
Industrial Society's (LIS) ongoing monitoring network. These data are 
reported elsewhere (report ARB 020-85-ARSP, ARB 021-85-ARSP, ARB 
022-85-ARSP, ARB 023-85-AQM and ARB 024-85-ARSP). 
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Figure 1: Sarnia Oxidant Study Area Map 
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INSTRUMENTATION: 

A twin engine Piper Navajo aircraft (Figure 2) was selected for this 
study. This plane was selected for two reasons - firstly, the endurance 
(flights up to five hours could be planned) and secondly, the availability of 
sufficient space for the instrument package, The parameters measured 
were ozone (0-) f nitrogen oxides (NO, N0 2 ), hydrocarbons (total as well as 
individual species), sulfur dioxide (50^) light-scattering particulates (with 
a nephelometer) as well as particulate sulphate and nitrate, and vapor 
phase nitric acid. The temperature and dew point were also monitored. 
Table 1 summarizes the instrumentation used in the study, 

Figure 3 (a) shows the general layout of the three instrumented 
racks and 3 (b) shows the aircraft floor plan. Power was provided through 
two one kilowatt inverters (TOPAZ and AVIONICS) from the aircraft's 2S 
V main bus. 

Instrument Racks; Rack #1 contained the data acquisition system, 
consisting of a data logger (Radian DART-II), two dual pen Rikkadenki 
strip chart recorders and an APPLE microcomputer. The CL, NO/NO , fi- 
scal and temperature sensors were connected to the strip chart recorder 
as well as the data logger, All the remaining monitors were connected 
only to the data Jogger. The data logger sampled ail channels once every 
second and then stored half-minute averages on a TARGA magnetic 
bubble disk emulator system, The APPLE microcomputer system was 
primarily used for viewing raw data and for controlling the data logger. 
After each flight, all the data from the TARGA disk emulator were 
transferred onto APPLE 5H 1 * floppy disks for further processing and 
validation. Chart recorders were used for backup as well as visual in- 
flight plume monitoring. A temperature transducer and an ethylene 
cylinder for the 0- monitor were Installed at the back of Rack #1, 

Gaseous monitors for 0~, NO/NO , S0 2 j and control units for the 
integrating nephelometer and dew point sensor, were Installed in Rack #2, 



Table 1 
AIRCRAFT INSTRUMENTATION AND SPECIFICATIONS 



Navigational 

AH standard equipment VOR, GYROS, DME 



Additional Equipment 
Altitude 



Meteorological 
Temperature 

Dew Point 



LORAN-C 

Rosemount pressure transducer 

Accuracy; +/ -50 ft 

Range: 10,000 ft. 



Rosemount Model 102E4AL 
Signal Conditioner Model 510BF131 
Range: -50 to +50 deg. C 
Accuracy: +/-0,4% full scale 

EG&S Model 137-C3 Hygrometer 
Range: to 70 deg. C 
Accuracy: +/-Q.5 deg. C 



Chemical and Physical Real Time 



N0/N0 x /N0 2 



SO, 



Hydrocarbons | 

Light Scattering Coefficient 



Monitor Labs Model 8840 (Chemi luminescent) 
Range (used):' to 500 ppb 
Min. Detectable Level: 2 ppb 
Precision: 0.8 ppb at 100 ppb 
1.0 ppb at 400 ppb 

SI6N-X Model 600 Series (Conductivity) 
Range (used): to 1 ppb 
Accuracy: +/-5X of full scale 

Bendix Model 8002TM (Chemi luminescent) 
Range (used): 0.5 ppm 
Precision: +/-21 from mean value 
on - 0.1 ppm range 
Time Constant (used): 10 sec. 

HNU photoionization detector 
Range (used) : 20 ppm 



MRI Intergerating Nephelometer Model 

1S50B 

Accuracy: +/-10Xof scale for 8-Scat 

Averaging Time (used): 2 sees. 

FTash/sec (used): 8 



Chemical (Cumulative) 

SQ 4 , N0 3 , 
SOg, HN0 3 

Hydrocarbons 

Data Acquisition 

Data Logger 



Data Display 
Data Backup 



Staplex HiVol Filter Pack 
Flow Rate: approx. 15 SCFM 

Grab samples collected in evacuated 
stainless steel flasks. Flow rate 
controlled by calibrated orifices. 
Subsequent analysis by gas chromatography, 



OART-II (Radian) 10 channels sampled 
once every second. Averaging period 
30 seconds. A/0 accuracy: 16 bits. 
Data stored on TARGA magnetic bubble 
disk emulator system. 

Apple 11+ microcomputer 

Two dual pen RIKKADENKI chart recorders 



HS/mb/AR42-36 






, .-, i 



«'|. f ;. .Si-'*'' 




l 



Figure 2: Piper Navajo Aircraft Used in the Study 
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The two Inverters, photoionization detector, control unit for the 
mass flowmeter, height transducer, and pumps for the NO/NO analyzer 
and nephelometer were Installed in Rack #3. 

Hi Vol Sampler: Particulate sulphates and nitrates, vapor phase nitric acid 
and sulphur dioxide were sampled using filter pack techniques developed 
at Brookhaven National Laboratory (BNL, 1983). A 28 V Stapex HiVol 
sampler was mounted on the floor in front of Rack #2 (locations R^ in 
Figure 3b). A flexible hose was used for connecting the HiVol sampler to 
the filter pack unit (Figure %% A Hastings mass flowmeter was used in- 
line behind the filter pack, for monitoring the air flow through the pack. 
The filter pack had three stages. The first stage had a quartz fibre filter 
to collect particulates, the second stage had a sodium chloride 
impregnated cellulose filter to collect nitric acid, and the last stage had a 
cellulose filter impregnated with potassium carbonate to absorb sulphur 
dioxide. The sampling rate was approximately JJ SCFM, and samples 
were generally collected over half-to one-hour periods. Samples were 
later analysed at the Ministry's Laboratory in Rexdale, after aqueous 
extraction of the filters, by Ion-exchange chromatography. 

Hydrocarbon Sampling; Evacuated stainless steel flasks (purchased from 
Blostatic Research, Hillsboro, Ore.) were used for collecting hydrocarbon 
grab samples. The flow rate Into the flasks was controlled by calibrated 
orifices. The sampling time was 15 or 30 minutes, depending on the flight 
and traverse. Samples were analysed by gas chromatography within about 
three hours of the flight termination. The technique is described in 
further detail in Report ARB-G22-S5-AR3F. 

Navigational System: In addition to the standard onboard navigational 
aids, the aircraft was equipped with a LORAN-C navigational system, 
which proved to be of considerable assistance when flying over areas with 
poor ground reference points, such as water bodies. 

Sampling Lines: There were four inlet lines. A 3 in. I/D aluminum tube 
was used for the HiVol sampler; a 1 in. 1/D aluminum tube was used for 
the nephelometer* a Yi in. stainless steel tube for ail gaseous monitors; 
and a % in. stainless tube for the hydrocarbon grab sampling. The 3 In. 
aluminum line to. the HiVol sampler was designed for isokinetic sampling 
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at aircraft speeds of about 160 km/h. It had a conical cover that could be 
activated from within the aircraft. To minimize contamination of the 
HiVol samples, this line was covered at all times between landing and 
takeoff. 

Figure 5a and b shows the general layout of the inlet tubes. The 
entire assembly, including the isokinetic probe for the Hi Vol, was 
mounted on the top of the fuselage (Figs, 5c and d). This configuration 
assured virtually no contamination from aircraft exhaust and ground 
debris. Both the temperature and dew point sensors were also mounted in 
the same area. Ethylene from the ozone monitor was exhausted in the 
tail area of the aircraft. 
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Figure 5b: Same as 5a but Side View 




Figure 5c ; Same as 5a but actual Photograph of the Installation 
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Figure 5d : Same as be but Side View 
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FLIGHT SUMMARIES 

A total of 13 flights were carried out in the Sarnia area from June 
27, 1984 to July 18, 1984. In view of the principal objective of this study, 
i,e. to identify the effect of the Sarnia petrochemical complex on ozone 
levels in the area, most of the sampling was done downwind. However, 
upwind transects were also carried out, to establish the background levels. 

Flight Scheduling: Around 8:30 a.m., the Sarnia airport weather office was 
consulted regarding the general synoptic conditions for the day. Flight 
plans were based on this information and upper level winds obtained from 
the two minisonde sites at Camlachie and Petrolia. Close radio contact 
was maintained between the aircraft and the airport base station, to 
inform the aircraft crew of any significant wind shifts during the course 
of the flight. The cruising speed was typically around 110 knots at an 
altitude of approximately 300 to 400 m MSL. To examine vertical 
structure, spirals were carried out on most flights. The spirals usually 
commenced at an altitude of roughly 1000 m MSL and descended to about 
70 to 80 m above ground/water level. 

In the following sections, each flight is briefly described, along with 
some comments on the observed data. Appendix A contains a tabulation 
of the actual thirty second average concentrations. 

Each flight summary is accompalned by a map showing the sampling 
locations, a map showing the forward trajectories as well as a graphical 
presentation of the results. The map shows the transects flown, In red, 
and the net ozone concentrations obtained at each point by subtracting 
the overall transect average value from the actually observed value at the 
point (in green). All transects are numbered at the beginning point only. 
A key on the map shows the start and end time of each transect. Forward 
trajectories, originating from near the Sarnia airport and the Detroit area 
(at the beginning and end of the measurement period) are also shown on 
the map. These trajectories are based on surface geostropic winds and 
hence only give the probable location of the Sarnia, and on some occasions 
the Detroit, emission plumes. The graphical presentation of flight data is 
split into several sections, with all parameters plotted as a function of 
time. The lower section shows the aircraft's altitude, and times when the 
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hydrocarbon cannisters and Hi Vol filter packs were sampling. It also shows 
the approximate time when the aircraft was near the shoreline. The 
ozone results are shown above this section. Since nitrogen oxides can 
markedly affect the ozone profile (NO is an efficient scavenger of ozone), 
to facilitate the interpretation of the results, their concentrations are 
plotted above the ozone. Finally, at the top, some plume tracer 
parameters are plotted, viz. SCU> total hydrocarbons (as measured by the 
photo-ionization detector), and light-scattering particulates (expressed as 
the Beer-Lambert coefficient, B-scat). Because of uncertainties in the 
absolute magnitude of the SO- and total hydrocarbons, they are expressed 
as a ratio of the measured value to the average value for a particular 
traverse. 

If a spiral was flown, a separate plot shows the results for ozone 
concentrations and temperature as a function of altitude. 

The hydrocarbons data taken during the flights are reported in 

Appendix B. The filter pack results are shown in Table 2. The results of 
surface measurements of air quality and meteorological parameters are 
reported in companion volumes (reports ARB 020-85-ARSP and ARB 023- 
85-AQM). 



Table # 2 







SARNIA 
HiVol 


Oxidant Study 
Filter Data 1 * 1 








Date 
1984 


Traverse 
Location 


Flow 
Litres 


Quartz 
N03 S04 


NaCl 
N03 




K2C03 
S02 


Jun 27 


Upwind 
Downwind 


1204 
1087 


1.2 
1.6 


12.0 
14.0 


0.1 
0.3 




15.2 # 

18.4 I 


Jim 28 


Upwind 
Downwind 3 
Downwind 5 
Downwind 7 


1215 
847 
736 
994 


1.6 
2,0 
9.5 
4.5 


12.0 
20.0 
31.0 
32.0 


0.0 
0.0 
0.2 
1.4 


# 
# 

# 


24.7 
35.4 
43.0 
21.8 


Jul 3 
Fit 1 
Fit 2 


Upwind 
Downwind 
Downwind 


1620 
2135 
3277 


4.8 
5.1 
3.8 


64.0 

91.0 

126.0 


10.4 

8.5 

10.6 




3.1 # 
39.8 
23.4 # 


Jul 5 


Upwind 
Downwind 


'731 
2005 


8.2 
8.3 


75.0 
54.0 


0.0 
0.8 


# 

# 


45.6 
62.3 


Jul 7 


Upwind 
Downwind 


2249 
. 2529 


0.8 
0.8 


6.0 
9.0 


0.0 
0.1 


# 


6.7 # 

9.9 # 


Jul 8 
Fit 1 


Downwind 


2888 


0.9 


20.0 


1.3 




38.0 


Fit 2 


Upwind 
Downwind 


'779 
4282 


1.9 
1.4 


6.0 

17.0 


0.3 
3.0 


# 


29.9 # 
50.9 


Jul 13 


Upwind 
Downwind 


1427 
878 


1.4 
5.1 


6.0 
67.0 


0.8 
10.4 


1 


24.5 
347.0 


Jul 14 


Upwind 
Downwind 


1104 
2577 


10.4 
7.5 


54.0 
58.0 


9.8 
6.4 




70.9 
151.9 


Jul 16 


Upwind 
Downwind 


510 
3582 


1.0 # 
1.5 


4.0 # 
13.0 


0.0 
0.6 


# 


0.0 # 
74.4 


Jul 18 


Upwind 
"Downwind 


782 
2651 


1.5 
1.6 


17.0 
15.0 


0.3 

0.5 


# 


6.4 # 
38.8 



* NOTE : Units are in ug/m3 

NOTE : § Denotes Cone less than blank value 
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JUNE 27, 1984, 1*34 - 1700 EDTs 

This was the first flight of the study. Skies were generally overcast 
with strong winds from the west gusting to 30-40 km/h. Figure 6 shows 
the flight path selected. The aircraft took off at 14-34, The first 
traverse was upwind and was followed by four downwind traverses. A 
HiVol and hydrocarbon (HC) sample were taken during the upwind and 
downwind traverses. There were no instrument malfunctions. A zero 
check was performed before landing. 

GENERAL COMMENTS (Refer to Figure 7) 

Air temperature at the flight level (approximately 450 m) was In the 
18 to 21°C range. Upwind ozone levels were uniform and were about 40 
ppb. NO concentrations were less than 10 ppb (we should note here that 
"downwind" levels as used here refer to the concentration along the entire 
transect, and not just the Sarnia plume). 
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M1NISQNDE DATA RESULT FROM PETROL1A SITE 
I'T 400 HETER [ASLJ FOR 2.7 JUNE 84 



Fig. 6: Flight Path (red) for June 27, 1984. Ozone 
Concentrations (relative - see text) along 
the Flight Path are Shown in Green 
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AIRCRAFT DATA FOR 
2/ 7 -JUNE-84 



5 
4 
3 

2 
1 


50 
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30 
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TIME OF THE DAY (EOT) 

Fig. 7: Plots of Parameters Monitored in Real Time 
Hi Vol and HC Sampling Times are Shown by 
Special Symbols (see legend) - June 27, 1984 
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JUNE 28, 1984, 10:20 - 13:50 EDT: 

All three meteorological stations (airport, Camiachie and Petrolia) 
reported westerly winds. Under cloudy skies the air temperature (°C)was 
in the mid 20's at 10:30 a.m. Figure 8 shows the flight path selected. The 
flight commenced at 10:20 a.m. and the first upwind traverse was flown 
at 10:39. The downwind traverses started at 11:06 and were completed by 
13:50. One Hi Vol and one HC sample were collected upwind, and four 
HiVoi and three HC samples were collected during the downwind 
traverses. All the instruments functioned normally. Prior to landing, all 
instruments were checked for zero drift. 

GENERAL COMMENTS (Refer to Figure 9) 

Upwind ozone concentrations were generally lower than the 
downwind levels by about 10 to 15 ppb. NO/NO levels were similar, 
averaging less than 10 ppb. Individual plumes were observed along the 
shoreline within which scavenging of ozone by NO was evident. The 
significance of the downwind vs. upwind ozone measurements, and the 
role of Sarnia emissions, will have to be determined in conjunction with 
the surface ozone data taken during the course of this flight, since the 
upwind measurements were taken first, and there is generally an increase 
in the regional ozone levels through the late morning and early afternoon. 
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H1N1 SONDE DATA RESULT FROM PETROLIA SITE 
AT 400 METER (ASL) FOR 28 JUNE 84 



Fig. 8: Same as Fig. 6 but for June 28, 1984 
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Fig. 9: Same as Fig. 7 but for June 28, 1 



JULY 3, 1984: 

FLIGHT #1: 11:10 - 13:42 EOT: 

Under generally clear skies, winds were moderate (10 to 15 km/h) 
from the southwest. Figure 10 shows the flight path for this day. An 
upwind traverse was flown from Petrolia to Adair. After completing the 
downwind traverses, a close spiral (radius 5 km) was flown over the lake 
northeast of Sarnia. The spiral started at 1290 m and terminated at about 
220 m MSL. One HiVol and one HC sample were collected during the 
upwind traverse and also during traverses No. 3 and 4. There were no 
instrument malfunctions. 

GENERAL COMMENTS (Refer to Figure 11) 

Air temperature at flight level ( 500 m MSL) was 25 to 26°C 
throughout the flight. There was about a 1 to 15 ppb differential between 
upwind and downwind ozone levels. Overall ozone levels were in the 80 
ppb range. A spiral over the lake showed an ozone bulge between 600 and 
750 m MSL. Scavenging of ozone by NO/NO plumes was quite evident. 
Background NO/NO levels were in the 5 to 10 ppb range. NO/NO levels 
were higher when the plumes were crossed. 
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Fig. 10: Same as Fig, 6 but for July 3, 1984 
(Fit. 1) 
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Fig 11: Same as Fig. 7 but for July 
(Fit. 1) 
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JULY 3, 1984 

FLIGHT #2: 16i30 - 19:20 EOT: 

Under partly cloudy skies, moderate southwesterly winds prevailed 
for the rest of the day, The second flight (Figure 12) was; undertaken at 
16:30. The flight path was very similar to the morning flight, A total of 
five traverses were flown including one upwind. One HiVol and three HC 
samples were taken during the downwind traverses. 

GENERAL COMMENTS (Refer to Figure 13) 

Upwind and downwind ozone levels still differed by about 10-13 ppb. 
NO/NO levels were below 10 ppb except in the generating station plume 
where NO was around 35 ppb. Ozone scavenging in the NO plume was 
quite evident. The upwind light-scattering coefficient (B-scat) was 
generally higher than the downwind B-Scat. The air temperature was 
about three degrees higher than during the earlier flight. 
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Fig. 12: Same as Fig. 6 but for July 3, 1984 
(Flt.Z) 
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Fiq 13: Same as Fig. 7 but for July 3, 1984 
(Fit. 2) 
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JULY 5, 1984: 10:40 to 14:00 EDT: 

Under overcast skies, there was early morning fog which started to 
lift by 9:00 a.m. Winds were light and variable. At 1 1:00 a.m. both 
minisonde stations reported south-southwest winds with speeds around 10 
to 15 km/h. Figure 14 shows the flight path. The aircraft took off at 
10:43 and the first traverse (upwind) was started at 10:58. Three 
downwind traverses were completed by 12:45. After the downwind 
traverses, a spiral was flown at Kettle Point from an altitude of 1100 m 
MSL down to about 100 m above the lake level. A repeat upwind traverse 
could not be completed due to rain in the area. The flight was terminated 
at 14:00. There were no instrument malfunctions except for one disk 
error which caused about six minutes of data loss. 

GENERAL COMMENTS (Refer to Figure 15) 

Upwind ozone levels were in the 40 to 50 ppb range and NO/NO 
levels were less than 10 ppb. Downwind, the ozone concentration was in 
the 40 to 60 ppb range and NO/NO concentrations were in the 10 to 20 
ppb range. There was a temperature inversion over the lake. Maximum 
ozone levels coincided with the height of the inversion. Above the 
inversion ozone levels decreased with an increase in altitude. 
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Fig. 14: Same as Fig. 6 but for July 5, 1984 
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Fig. 15: Same as Fig. 7 but for July 5, 1984 



-31- 



3ULY 7, 1984: 09:45- 14:11 EDT: 

Under partially cloudy skies, moderate northwest winds were 
reported by all three meteorological sites. Figures 16a and b show the 
flight paths selected. Sampling began with an upwind traverse and was 
then followed by downwind traverses. Sampling was terminated with a 
repeat of the upwind traverse. Two Hi Vol and three HC samples were 
collected during this flight. There were no instrument malfunctions. A 
zero check prior to landing showed normal response for the ozone and 
NO/NO monitors. The flight was terminated at 14:1 1. 

GENERAL COMMENTS (Refer to Figure 17) 



Ozone and NO/NO levels were low and almost uniform over the 
entire flight path. No plumes of any kind were detected. 
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Fig. 16: Same as Fig, 6 but for July 7, 1984 
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Fig. 17: Same as Fig. 7 but for July I. 1984 
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3ULY 8, 1984 

FLIGHT #1: 09:00 - 12:05 EDT: 

Under mostly sunny skies, winds were light and variable. Upper level 
winds showed a westerly component. Originally it was decided to fly a saw 
tooth pattern at a constant altitude east of Sarnia. During the flight a 
brown plume southeast of Sarnia was observed. In order to sample this 
plume, the flight path was altered. Figures 18a,b and c show the resulting 
flight path. No upwind traverse was flown on this flight. One HiVol and 
two HC samples were collected. There were no instrument malfunctions 
and the zero check was normal. The flight was terminated at 12:05. 

GENERAL COMMENTS (Refer to Figure 19) 

The first traverse east of Sarnia, showed elevated ozone levels 
downwind of Sarnia. The second traverse further east however did not 
show similar ozone levels. Southeast of Sarnia, elevated NO/NO levels 
were observed but no ozone plume could be detected. 
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Fig. 18: Same as Fig. 6 but for July 3, 1984 
(Fit. 1) 
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Fig, 19: Same as Fig. 7 but for July 8, 1984 
(Fit. 1) 
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JULY 8, 1984 

FLIGHT #2: 16:00 - 18:30 EDT: 

Late in the afternoon? the winds shifted to the southwest but 
continued to be light. Several transects northeast of Sarnia were flown. 
HiVol and HC samples were taken upwind and downwind of Sarnia (Figures 
20a, b, and c). Circular traverses were made over Sarnia at different 
altitudes. Due to disk problems a total of about 30 minutes of data were 
lost. All monitors functioned normally. The flight was terminated 18:30. 

GENERAL COMMENTS (Refer to Figure 21) 

Elevated ozone levels were observed northeast of Sarnia. Circular 
traverses over Sarnia showed different ozone levels between the east and 
west side of the city. 
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Fl 9- 20: Same as Fig. 6 but for July 8, 1984 
(Fit. 2) 
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Fig. 21: Same as Fig, 7 but for July 8, 1984 
(Fit. 2) 



JULY 13, 1984 

FLIGHT #1: Q9;24 - 13:49 EDT: 

Under clear skies, light to moderate southwest winds were observed 
at all three meteorological sites. Figures 22a and b show the flight path. 
The air temperature at cruising level was in the 30's. Brown plumes were 
visible east of Sarnia. One HiVol and one HC sample were collected 
during the upwind traverse, and one Hi Vol and two HC samples were 
collected during the downwind traverses. In flight, all instruments 
functioned normally. However, due to a very hard landing, the DART 
malfunctioned and because of a CPU error, all the data on the disk were 
lost. Only ozone data were available from the backup recorder charts. 
The flight was terminated at 13:49. 

GENERAL COMMENTS (Refer to Figure 23) 

Elevated ozone levels were observed east of Sarnia. Ozone 
depletion due to a NO/NO plume was quite evident along the shoreline. 
Further east, plumes apparently from the Detroit area were also 
observed. 
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Fig. 22: Same as Fig. 6 but for July 13, 1984 
(Fit. 1) 
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JULY 13, 1984 

FLIGHT fli 1&35 - 18:34 EDT: 

Light to moderate southwesterly winds continued throughout the 
afternoon. The second flight of the day started at 16:35 and lasted till 
18:34. Figure 24 shows the flight path. A spiral was flown near Kettle 
Point from about 700 m MSL down to about 375 m MSL. No HiVol or HC 
samples were collected during this flight. 

GENERAL COMMENTS (Refer to Figure 25) 

Elevated ozone levels along the shoreline, and ozone depletion due 
to NO/NO x was observed. The spiral did not show any significant 
structuring of the ozone in the vertical. 
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Fig. 24: Same as Fig. 6 but for July 13, 1984 
(Fit. 2) 



- 4^- 



AIRCRAFT DATA FOR 
1 3- JULY -84 
FLIGHT # 2 



3IGM-X PID (normalized) - B~SCAT 1 1 



4 j, 

3 - 

2 - 

1 - 



SO - 
40 

30 - 

20 - 



10 - 



120' - 
100 - 

a© - 

60 - 
40 - 

20 



120 - 

90 - 

60 - 

30 - 

- 



NO. NOX 




OZONE tppb) 




ALT MSl CM* 10) 




i 1 i i 1 1 i 1 11 i 1 11 1 i 1 I 2222 2222222 2 222222 



3333 3 3333 3 333 3 



i 1 ; i i ' i i i i i I i , i i i i i 



A 



i i i i I ii i i i i i i 



«% 



I ! ! ! ! 



| ^ 



i I i i [ i i i I i i i 



SPECIAL EVENTS 

>>> HI VOL ON 

""" m SAMP ON 
+++ SPIRAL LOOP 
A SHORE LINE 

### (U) « #«# (0) 

(TRANSECT ») 



i i i i i i i i j i i i i i 



ifi44S#ifi 16 -.55 '20 17 '-5 *20 17* 15 -20 17*25 -20 

TIME OF THE DAY CEDT) 



17 i 35* 20 



17s 45 '20 



Fig. 25: Same as Fig. 7 but for July 13, 1984 
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JULY 14, 1984, 09:00 - 12:20 EDT: 

Visibility was poor due to early morning fog. By 9:00 am. the fog 
started to lift and the visibility improved. All three meteorological sites 
reported light southwesterly winds. Figures 26a and b show the flight 
plan. The flight commenced at 9:00 a.m. and terminated at 12:20. One 
Hi Vol and one HC sample were collected during the upwind traverse and 
one Hi Vol and two HC samples during the downwind traverses. A brown 
plume was visible southeast of Sarnia. A spiral was flown near Kettle 
Point. There were no instrument malfunctions and the zero check was 
normal. 

GENERAL COMMENTS (Refer to Figure 27) 

Overall, the ozone levels were relatively high. A slight increase of 
about 10 ppb could be observed downwind of Sarnia. NO/NO plumes 
from Sarnia were very prominent. A NO/NO plume from the Detroit 
area could also be discerned. The spiral near Kettle Point showed an 
ozone bulge between 300 and 500 m MSL. 
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Fig, 26: Same as Fig, 6 but for July 14, 1984 
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Fig. 27: Same as Fig. 7 but for July 14, 1984 
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JULY 16, 198*, Q9i3Q - 13:10 EDTs 

Under clear skies, strong westerly winds were reported by all three 
meteorological sites. Figures 28a and b show the flight path selected. An 
upwind transect was flown first. One Hi Vol and one HC sample were 
collected during this transect. One Hi Vol and three HC samples were 
collected during downwind traverses. There were about 5 disk errors 
which accounted for approximately 30 minutes of data loss. A spiral was 
flown near the town of Watford. The flight was terminated at 13:10. 

GENERAL COMMENTS (Refer to Figure 29) , 

Ozone levels were low ( 50 ppb) and fairly uniform over the sampled 
area. NO/NO plumes were observed downwind of Sarnia. The spiral over 
Watford did not show any ozone stratification in the vertical. 
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Fig. 28: Same as Fig. 6 but for July 16, 1984 
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Fig. 29: Same as Fig. 7 but for July 16, 1984 




6 6 6 6 6 66866666666 



7777777^7777 



>>>>>>> 



i i [ i i i I i i l l i | i l i I i i i i i | i i l i I i i i i | I i i 1 I i ti i j I I i I I I i M [ 1 



SPECIAL EVENTS 

^>> HI VOL ON 
*" HC SAMP ON 

+++ SPIRAL LOOP 
A SHORE LINE 

##.# (U) ( nun ©j 

(TRANSECT #^ 



i i i i i i i I | i l I 11 



03 "EMP (C) 



- 1680 

- 1610 

- 1540 
1470 

- 1400 

- 1330 
1260 

- 1 1 90 

- 1120 

- 1050 



- 980 g 

-910 L"- 1 
Q 



840 — . 
I— 
_l 

770 "^ 

700 

- 630 

- 560 

- 490 

- 420 

- 350 
280 

- 210 

- 140 

- 70 



1 2 - i 5 i 



12 --25 -7 



12*35' 7 



1 2 1 45 '• 7 



1 2 '■ 55 • 7 



1 3 ■■ 5 



i 1 1 i r 

I 20 40 60 80 1 03 1 20 
5 10 15 20 25 30 



- 



-52- 



JULY 17, 1984, 08:51 - 11:05 EDT: 

Under partly cloudy skies, winds were moderate and from the 
southwest. Figures 30a and b show the selected flight path. No Hi Vol 
samples were taken, but three HC samples, one upwind, one over Sarnia 
and one downwind, were collected. Two spirals were flown, one over 
Kettle Point and one over Sarnia. There were no instrument malfunctions 
except for some disk errors, which accounted for about 4 minutes of lost 
data. Instruments were checked for zero drift and were found to be 
operating normally. 

GENERAL COMMENTS (Refer to Figure 31) 



All the transects were close to Sarnia. NO/NO plumes from the 
generating stations were very prominent. A difference of about 5 to 10 

ppb in ozone levels could be detected between the west and east side of 
the refineries. 
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Fig, 30: Same as Fig. 6 but for July 17, 1984 
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F ig. 37: Same as Fig. 7 but for July 17, 1984 
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JULY IS, 1984: 11:09 - 13:25 EDT: 

Under overcast skies, moderate northwest winds were reported by 
all three sites. Figures 32a and b show the flight path on this day. One 
HC sample was collected downwind of the Sarnia chemical industries. A 
spiral was flown near Chatham. The flight was terminated with an upwind 
traverse. 

GENERAL COMMENTS (Refer to Figure 33) 

Ozone levels were below 40 ppb. Elevated HC levels were detected 

downwind of Sarnia by the photoionization detector. NO/NO plumes from 

x 

the Sarnia area were also picked up. The spiral near Chatham did not 
show any ozone stratification. 
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Fig. 32: Same as Fig. 6 but for July 18, 1984 
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Data presented in the following section are half minute averages. 
Missing data are labelled as -999.99. The left bracket symbol < should 
be ignored. Concentrations of 0, f NO, and NO are in ppb. The altitude 
is in meters above sea level, the temperature and dew point in degrees 

Celsius. The light scattering coefficient B-Scat is represented in units of 

4 1 
10" M" . The results of the Sign-X 30 2 analyser (ppb) and the 

photoionization detector (ppm) are considered to be qualitative and were 

used only for purposes of plume detection. 
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APPENDDC B 



AIRCRAFT HYDROCARBON DATA 



- I D J- 



The hydrocarbons data (along with the dates and times over which 
the samples were collected) are shown in the attached tables. Thirty-four 
of the aircraft samples were analyzed for approximately 120 organic 
compounds. Concentrations for individual compounds are shown in 
micrograms per cubic meter, along with a summary at the end, which 
contains the total concentration of hydrocarbons as well as a breakdown 
Into nine groups (alkanes, cycloalkanes, alkenes, cycioalkenes, alkynes, 
aromatics and chlorinated alkanes, alkenes and aromatics). The 
percentage of the GC peaks that were identified is also shown. Two 
further points should be noted in connection with these tables: 

(1) The data for benzene are of questionable validity due to an 
apparent contamination problem of the GC system during the 



(2) Although the various organics are reported to a precision of 

0,01 micrograms per cubic meter, in reality the accuracy is 

3 
not considered to be better than about 0.1 ug m" . 



SURVEY NAHE 

5ARNIA OXIDANTS STUDY JUNE-JULY 1984 

PLANE SAMPLE 
units ug/i3 DATE: JUNE 27/94 

XnXXXXXXXXSSX?SXXXSXKSX3XSS;XXXXSSSXXX):XXXXSSXSSXXS2XXSSX:XS:SXXSS>:XXXKSKSXXXSKXX:xSS5SSXSXSSSXSXSXSXSXSXSSXXXX)!S5;XSXSSX: 

TIME PERIOD 



CQRFflUND NAME 1543-1620 

1 450-1523 



PROPANE 

PRQPADIENE 
PROPYNE 
CHLQRCMETHANE 
'YCLQPRGPANE 

VKif. CHLuRIUE 

.-rJTENE 

L.3-2UTADIENE 

BUTANE UR 

t-SUTYNE 

CHLQROETHANE 

3-ftETHYL-i-SUTENE 

2-flETHYLSUTANE 0,82 

L-PENTENE 

PENTANE 

[SUPREME 

TRANS-2-PENTESE 

DICHLQROMETHANE 

2-NETHYL-2-BUTENE 

2-CHLQR0-2-«ETHYlBUTANE 

3-CHLQROPROPENE 

2.2-DIHETNYL3UTANE 

3-NETHYL-l-PEHTEK 

2,3-9METHYLBUTANE 

3-«ETHYLPENTAMf 

t-HEXENE 

CIS-l f 2-OICHLQROETHYLENE 

2-CHLORQBUTANE 

HE1ANE 

CHLDROFQRH 

TRAMS-3-HEIENE 

3-CHL0R0-2-NETHYLPRQPENE 

flETYHYlCYCLOPEMTANE 

I t 2-§1CHLQR0ETHANE 

1 , 1 1 1-TRIDUJ3RQETHANE — 

1-CHLQRQBUTANE 

BENZENE 5,1? 4.86 

CARBON TETRACHLORIDE 

CYCLOHEIANE 

2-flETHYLHEIANE 

2,3-OIIfETHYLPDITANE 

CYCLOHEIENE 

DIBRONQHETHANE 

3-rt£THYLHEXAN£ 

l,2-3ICHLQRQPRQPANE 

2 f 3-9ICHL0RQPR0PANE 

TRICHLOROETHYLEME 

2,2,4-TRtNETHYLPENTANE 

1-flEPTENE 

HEPTANE 

I f»M MM_T llPVIIifi miT>iM> 
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Titil hvdrocsrtons ua/s3: 120.47 134.2? 



Alkinis ug/s3 






37.76 


37.74 


Cyd-ulkanes iig/i3 






0.00 


0.00 


Alfcenei ug/so 






0.00 


0.00 


Cydoalkenes ug/i3 






0.00 


0.00 


Aikynti ua/i3 






0.00 


0.00 


Ar5iiti£S us/ §3 






32.71 


96.55 


Chlsrimtid ilkanes 


ug; 


'"a3 


0.00 


0.00 


Chtsrinited ilkenee 


'iQj 


'Bj 


0.00 


0.00 



Chiarinated arsutics ug/s3 0.00 0.00 

T otii l if coipouids 

identified 12 12 



■ -i * ■. a . 



3 5 * - a a ■. 



-res :- iagr-:figu w3£ki :-;3.~~ 2ff6.?l 

Area I identified peaks 65 76 

To! nans; Ethyl benzene 0.25 0.23 

BenzenetEthyl benzene 0.72 0.60 

I y 1 en ess Ethyl benzene 8.95 9.13 

Ethyl benzene! Ethyl benzene 1,00 1.00 



nETHYUmOHEIANE 

2,5-flinETHYlHEXANE ~ 168 ~ 

4H1E7HYICYCLQHEIEHE 

KHLOROPEHTANE 

I , I t 2-TRICHLQRQETHAME 

TOLUBiE 0.42 

i,3-2ICHLQR0PRQPANE 

2-HETHYLHEFTANE 

U2-SI3RQMDETHAME 

l-QCTENE 

TRANS1 ,2B!?!ETHYIEYLQHEIANE 

TWBHHHJCJOE 

TETRACHLQROETHYLIME 

mm 

2-flETHYL-i-HEPTEHE 

2-3GTENE 

CIS- I , 2-9IMITHYLCYCL0HEXANE 

CHLQR03EHZENE 

PSOPVLCYCLBPENTANE 

£T! J ' LIVCLDH£X ANE 

; -CHtuF.uH£*jtHE 

E7H "_=ENZENE $,1Z ').37 

mnm J .c2 2.3a 

STYRlMg 

1,4-OICHLDRQBUTAHE 

HH 4.26 2.41 

1,1,2,2-TETRACHLaROETHAHE 

1 ,2,3-TRICHLQROPROPAHE 

l-NQNEHE 

NONANE 0.91 

ISOPfiOPYLBGNZENE 

2-CHUffiOTOLUEHE 

3-Ofl.QROTOUJEK 

N-PRQPYUEMZENE 

t-OMffiOTDLIJENE 

3-ETHYIT0LUEK 

4-ETHYLTQLUENE 

1,3,5-TRIHETHYLSENZENE 

2-ETHYLTQLUEHE 

T-iUTYlBEHZEKE 

t,2,4-TRIHETHYUBIZEM£ 

1 f 3-0ICHL0R0BEM2EME 

L-DECEME 

A-CHLORQTQLUENE 

1,5-SICHLOROPEHTANE 

DECAME 1.36 

SEC.IUTYLBEMZEME 

3- (CHLOMHETHYL) -HEPT ANE 

1 t 2,3-TRIHETHYUe»ZE?IE 

1 - iSOPROPYL-4-flrrHYLBDIZEJC 

1,2-DlCHLOROBENZENE 

INDAM 

N-BUTYLCYaOHEIANE 

1,3-BIETHYUEJfZBIE 

l,4-DIETHYLBE»ZE31E 

fHUTYlBENZEME 

t,2-DIETHYlBSIZENE 

DECALIN .^ — 

UNDECANE 3.31 

1,2,3,3-TETRAHETHYUENZEHE 

OlISOPROPYLJENZEIIE 

U2 f 3,4-TnRAMETHYLflENZB<E 

TETRAUN 

DQQECANE 8.31 1.18 
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SURVEY NAHE 

SARNIA OXIDANTS STUDY JUNE-JULY 1984 

PLANE SAMPLE 
unit! ug/s3 DATE: JULY 3/84 

TIME PERIOD 



COMPOUND NANE 1140-L210 1641-1711 1804-1834 

1231-1301 1722-1752 



PROPANE 0,4! 0.34 

PR0PAU1OIE 

PRQPYME 
CHLOmTHAME 

CYCLOPROPANE 

'".*- , 34JOI 

S1HANE 2.1? 2.00 "l.56 

1-3UTYNE 

CHLORQETHANE 

3-».nHYL-l-BUTENE 

2-*1ETHYLBUTANE U04 0.8B 

i-PENTENi Q.47 

PENTANE 0.64 

ISOPRBtl 0,3? 

TRAN5-2-PEHTEK 

DICHLOROHETHANE 1.47 

2-flITPL-2-iUTEME 

2-CHL9R0-2-flETHYLflUTANE 

3-CHLOROPRQPENE 

2,2-9If!ETHYLaUTANE 

3-flETHYL-l-PENTENE 

2.3-91HETHYLBUTANE 0.36 

3-f!ETHYLPENTANE 0.58 0.26 0.16 

t-HEZEHE 0,40 0.16 

ClS-i f 2-DICHLDR0ETHYLENE 

2-Ofl.QRDBUTANE 

HOANf - ft.fl 0.30 

CHLOROFQRH 

TRANS-3-HEXBIE 

3-CHL£Bfl-2-SETHYLPR0PENE 

llETYmEYCLQPENTANE 0.32 0.16 

1,2-OICHLORQETHANE 

1,1,1-TRIOUROETlMNE 

l-CMLQRQIUTANE 

8EN2EHE 3,08 23.03 5.03 9.33 

CARBON TETRACHLORIDE 

CYO0HE1ANE 

2-flCTWIJElAIIE 1.23 0.33 0.28 

2,3-DIHfTHYLPENTANE 0.1? 0,13 

CYCLQHEIENE 

DIBRONONETHANE 

3H1ETHYLHE1ANE 0.31 

L T 2-3ICHL0R0PR0PANE 

2,3-flICHLflROPROPANE 

TRICHLQRQETHYLBIE 

2,2.4-TRIHETHYLPENTANE 0.2? 0.18 0.23 

1-ttEPTENE 
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Tetil hydrocarbons ng/'§3; 
Alkanes ug/i3 
Cvdoalkanes ug/i3 
Alkanes ug/s3 
Cydsalkenes ug/e3 
Alkynes ug/«3 
Arctatics iis/i3 
Chlorinated alkanes ug/s3 
Chi anna ted alksnes ag;*r 
Chlsrirsats-: arsaatics ug/i 

T ctal 4 si coapaur.ds 
identified 



24,17 


89.79 


87.98 


69.10 


100.80 


15,89 


14.63 


15.2a 


12.48 


18.88 


0,32 


0.16 


0.00 


0.00 


0.00 


2.61 


1.51 


0.00 


0.00 


0.63 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 


0.00 


0.00 


2.44 


72.18 


71.85 


56.62 


75,47 


i ij 


0.00 


0.00 


0.00 


. 00 


1.44 


1 . J-j 


,'■ " 


o.oo 


*c 


ij (V) 


0,00 


0.00 


£iE 


1- 
- - . • 



21 



18 



1? 



:*«,»• 4 -t piaki 



TdueneiEthylbenzsne 
Benzene: Ethyl benzene 
lyienes: Ethyl benzene 
Ethyl taenz ene: £thy I benzene 



. 20 
0.47 

8.51 
1.00 



5S.«; 



'J.iv 



3.92 



LOO 



25 


0.18 


10 


1.49 


91 


9,00 


00 


LOO 



STTHYLCYCLQHEXANE 

2,3-OIHETHYUeANE " 174 ~ 

4-HETHYLCYCLOHEIEME 

L-CHLOROPENTAME 

I , I •2-TRICHLQRQETHAHE 

TOLUENE Lfl 0,43 0.51 

1,3-OlCHLUROPRQPAME 

2-WETHYLHEPTANE 

L.2-0IBRQHQETHANE 

l-QCTBt£ 

TRAN51 ,2D1HETHYLCYL0HEIANE 

TRANS-4H3CTEHE 

TETRACHL0RQE7HYLENE 

OCTANE 0.42 0.27 

2-flETHYl-l-HEPTEHE 

2-QGTHSE 

CIS-i ,2-DIIIETHYLaCLOHEXANE 

CHLQRQBENZENE 

»RGPYLTYCLOPENTANE 

ETHYLBE.MIENE Lfl 2.01 5.03 

S1-1YLEHE 7 .?2 !,*4 23.23 

STYRENE 

1,4-DICHLQRQBlJTANE 

O-XYLENE 7.47 1.54 25.66 

1,1,2.2-TETRACHLflWETHAHE 

1,2,3-TRlCHLOROPROPANE 

L-*ONQiE 

H€NAME 1.11 1.58 1.98 

LSOPROPYLBEXZEHE 1.16 LSI 4. IS 

2-CHLQROmUOE 

3-CHLORQTOUSC 

mOTYLBBtZENE 

4-CHLQROTQLliENE 

3-ETHYLTQLUBiE 0.37 0.31 

4-ETHYIT0LUOIE 

1,3,5-TRIHETHYLBEHZENE 

2-ETHYLTOLUB^ 

T-BUmBENIBK 0.43 0.45 

I ,2, 4-TRIBETHYLSEMZENE 

1,3-DICHLOROBOIZEME 

i-m 

A-CHLQR0T0LL1BIE 

1,3-OICHLGROPENTAW 

DECANI 2.18 1.59 

SEC.BUTYLBBIZEHE 

3HCHIQR0HETHYU -HEPTANE 

1,2,3-TRIHETHYUOIZENE 

i-IS0PRQPYi-4-NETHYUB(ZENE 

U2-DICHLDR0BOIZEME 

I WAN 

It-BUTYLCYCLQHEXANE 

1,3-OIETHYLBEMZEK 

M-fllETHYUEHZENE 

N-BUHIBENZENE 

1,2-BIETHYLBEJIZEJIE 

OECALIN 

UNDECANE 3.11 3.52 3.1? 

i^^S-TETRAHETHYLBENZEHE 

DIISOPR0PYLBENZENE 

1 f 2, 3, 4-TETRAHETHYLBENZEME 

TETRALIN 

DODECAME 3.38 4.76 



-I/b- 
SURVEY NAHE 

SARNIA OXIDANTS STUDY JUNE-JULY 1984 

PLANE SAHPLE 
units ua/i3 DATE: JULY 7/84 

:mxxxxxxxxxxxxxxxxxxxxxxxxxmxxxmxxxxxxxxxxnxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

TIME PERIOD 

C0HPQUND NAHE 0930-1030 1145-1215 

1103-1 137 



PROPANE 

PRQPADIENE 

PRQPYNE 

CHLORDMETHANE 

CYCLOPROPANE 

ISOBL'TANE 

;T*|YL CHL3PIDE 

l-5ifflEB 

1.3-3UTADIEJIE 

3UTANI • 

1-2UTYNE 

CHLQROETHANE 

3-ftETHYL-l-BUTENE 

2-ttETHYLBUTfiNE 0.37 

l-PQITENE 

PENTANE 0.26 

ISQPREME 

TRANS-2-PENTENE 

tUDtORGHETHANE 

2HCFHYI-2-9UTEME 

2-CMLQR0-2-«ITHYLIUTANE " 

3-CHL0RQPRQPEME 

2,2-DINETHYLBUTANE 

3-flETHYL-l-PENTENE 

2,3-DINETHYLflUTANE 

3-NETHYLPBITANE 0.14 

i-HEXEHE 

CIS-U2-0ICHL0R0ETHYL2IE 

2-CHLQRQBUTANE 

HEIANE 0.28 

CHLOROFORM 

TRANS-3-HEXENE 

3-CHL0RO-2-«THYLPROPENE 

BETYHYLCYailPEJITANE 

1,2-D1CHLQR0ETHANE 

1,1,1-TRICHLOROETHANE 

KHLQROBUTANE 

BEMZENE ' 19.07 5.26 9.3? 

CARBON TfTRACHLORIBE 

CYttOHElANE 

2-NETHYLHEXAME 

2,3-DIHETHYLPENTANE 0.S4 0.30 

CYCLOHEXENE 

SIBROHORETHANE 

3-flETHYLHEXANE 

1,2-OICHLQROPROPANE 

2,3-DICHLORGPROPANE 

TRICHLORQETHYLEJIE 

2,2,4-TRIHETHYLPENTANE 3.31 2.00 1,04 

1-HEPTENE 

HEPTANE 

l-CaORO-3-flETHYLBUTflNE 
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58.07- 


41.63 


31.53 


18.38 


6.63 


3.03 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


39.69 


33.00 


48.50 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 



Total hydrocarbons ug/i3: 

Alkanes ug/i3 

Cycloalkanes uq/i3 

Alkenes ug/e3 

Cydeaikenes ug/i3 

Alkynes ug/f3 

Aroiatics ijg/a3 

Chlorinate alkanes ug/i3 

Chlorinated alkenes <jg/t3 

Chlorinated aroiatics ug/i3 0.00 0.00 0.00 

Total I of c of pounds 

identified 13 17 10 

Total f of peaks 33 40 25 

*:tal ar si vt letta 1405.40 1077. 77 10*8.12 

Area of iitatifltfl peaks 1018.00 771.00 891,39 

Area I identified peaks 72 72 85 

Toluene; Ethyl benzene 0.69 0.23 0.00 

Benzsne:£thyl benzene 10.84 2.21 3. OS 

Xylenes: Ethyl benzene 8,52 9.67 10.32 

Ethyl benzene: Ethyl benzene 1. 00 LOO 1.00 



HETHYLCYCLQHEMNE 0.83 0.34 0.15 0.17 -180- 

2,5-DIMETHYUHANE 3.45 5.84 0.46 0.49 3.57 

4-METmCYCtQHEXENE 0.21 

l-CHLOROFEMTANE 

l.l f 2-TRICHLQRQETHANE 

TOlUBil 3.59 2.13 0.57 0,86 1,17 

1,3-OmORQPRQPANE 

2-HETHYLHEPTANE 0.1? 

1,2-DIBRQHQETHANE 

1-QCTBIE 0.24 0.25 

TRANS1 .2SIHETHYLCYLQHEXANE . 0? 

7RANS-4-3CTENE 

TE7RACHL0RGETHYLE.NE 

OCTANE 0.75 0.35 0.23 0.52 

2-flETHYl-t-HEPTEHE 

2-aCTEHE 

CIS- 1 ,2-OIHETHYLCYCLOKEllAME 

CUDRQSENIENE 

?RQP v LC7aOPENTANE 

E^VLCYCLDHEXAflE O-.XS 0.33 f.J! 

1-CHL^HSHE^ANE 

ET'rTfLBENiENE Z.?8 2.c2 L4g 2. Si U!4 

*-UL£*!E 3.72 3.74 i.54 LI. 22 7. si 

37VRENE 

1,4-SICHLOSQBUTANE 

O-IYLOIE 8.28 8.38 7.06 12.18 9.80 

l,l,2«2-TEfRACHU2RQETHAHE 

1,2,3-TRICHLOROPROPANE 

i-NQNENE 0.60 0.21 0.21 0.52 

NQNANE 1.71 2.03 1.14 1.10 1.36 

1I0PRQPYLBENZENE 1.62 1.87 1,26 2.22 1.84 

2-CHL0R0T0LIOE 

3-CHLQROTQLUEM % 

M-PRQPYUEJIIENE 

4-CHLOROTQLUENE 1.32 0,5? 

3-ETHYUTQLUENE 0.54 0.09 0.33 

4-E7HYITQLUENE 0.39 

1 , 3 f S'THIKETHYUENZEME 0,42 

2-STHYLTQLUENE 

T-BUTYLBENZEHE 1.26 1.55 0,85 0,64 0.58 

U2,4-TRI«E7MYUDIZEHE 2.70 0.62 1.11 1.01 

U3-0ICHL0R0BOIZENE 

l-OECEM 

A-CHLQROTOLUENE 

i,5-9ICHLQRQPBITANE 0.1? 0.28 

DECANE 3.92 5.66 2,07 1.03 1.65 

SEC.BUTYLBENZEME 

3- iCHLDMHETHYU -HEPTANE 

1,2,3-TRiflETHYUENZEJIE 0.49 0.64 0.37 

I- IBOPRQPYl-4-ttETHYLIEMZBJE 1 , 04 

1,2-OIPlQROBENIEJIE 

IJwlln 

N-BUmCYaOHEXANE 0.34 1.34 

U3-01E7HYLBENZENE 

1,4-BlETHYLBHZENE 

H-BUTYUENzblE 

1,2-QIETHYLBEMZEME 

DECAUN 

UNDECANE 5.55 4.51 

1 ,2,3,5-TETRAHETHYlBENZEJIE 

QIIiOPROPYLBENZENE 

1,2,3,4-TETRAHETHYLBEHZEME 0.83 0.86 

TETRALIN 

DODECANE 3.58 . 5.30 



survey name * 

5arnia oxidants study juke-july 1994 

% 

PLANE SAMPLE 
units ug/i3 DATE: JULY 13/84 

xsxxxxxxxxxxxsxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxmxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

TIME PERIOD 



CCMPOUNB NAME 0937-0933 1132-1202 

1020-1033 



PROPANE 2.05 

PROPADISiE 

PRQPYNE 

CHLQROHETHANE 

CYCLOPROPANE 

!:u3UT;NE 0. ai > 

1-rOTDtE 

1.3-3UTADIEJIE 

5UTANE 3,82 7.26 

1-BUTYNE 

CHLQROETHANE 

3-ME7HYL-1-9UTEME 

2-METHYLBUTANE 5.72 32.43 

l-PEMTENE 0.14 0.30 

PENTANE 2.26 0.09 4.34 

ISOPftBC 0.99 

TRAMS-2-PBITEHE 

DICHLORQNETHAME 0.36 0.74 

2-METm-2-BUTEME 0.2B 1.23 

2-CHLQR0-2-METHYLBUTANE 

3-CHL0R0PRQPENE 

2,2-OINmmjUTANE 0. 19 

3-flETHYL-l-PENTEHE O.U 

2 f 3-DIHfTHYLBUTAKE 1.17 0.14 

hmmufasm 0.54 0.21 2.04 

1-HEIBIE 0.15 0.2A 

CIS-L f 2-BICHLDR0ETHYLHIE 

2-CHLOROBUTANE 

HEIANE 0.72 0.97 1.23 

CHLOROFORM 

TRAMS-3-HOENE 

3-CHLQRO-2-METHYLPROPENE 

NETYHYICYCLOPEMTANE 0.30 0.19 0,37 

1,2-OICM.OROETHAHE 

1,1,1-TRICHLORQETHAIC 

1-CHL0RQ1UTANE 

BENZENE 1W 7.32 14.40 

CARBON TETRACHLORIDE 

CYCLQHEIANE 0.06 0.31 0.10 

2-METHYLHEIANE 2.84 1.63 Z3.03 

2 f 3-01NETHYLPENTAMI 1.55 0.90 12.63 

CYOJHEIENE 

DIIRQHOMETHAKE 

3-METHYlJEXANE 0.64 0.79 1.33 

U2-DICHLQR0PR0PANE 

2,3-OICHLOROPROPANE 

TRICaflROrTHYLEME 

2,2,4-TRIHETHYLPENTAME 10.64 6.04 111.03 

i-HEPTENE 0.30 

HEPTANE 0.26 0.30 0.40 

i-CHLORO-3-flETHYLiUTANE 
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Tstil hydrocarboni-tig/tii 53,60 37,83 304.02 



Aikanes uf/i3 


37.92 


15.52 


230.31 


Cydoalkanes uf/al 


0.41 


0.80 


1.36 


Alkenes uq/i3 


0.84 


0,21 


5.10 


Cydoalkenes ug/t3 


0.00 


0.00 


0.00 


Alkynes uQ/a3 


0.00 


0,00 


0.00 


Aroeatics uq/i3 


14.98 


20,94 


63.42 


Chlorinated aikanes uq/e3 


0.86 


0.00 


0.92 


Chlorinated alkenei uq/a3 


Q.vO 


0.00 


1.24 


Chlorinated aroiatics ug/a3 


0.39 


0.36 


1.67 


Total t of eaapoundi 








identified 


33 


30 


42 


Total 1 ^1 peaks 


93 


70 


141 


"wtal aria if oeak* 


233c. i 9 


1333. SO' 


10329, 3s 



Area if identified osafcs 1330.3? 38B.76 "356. a8 
'km I identified peaks 56 67 7© 



Toluene: Ethyl benzine 


2.44 


1.19 


0.76 


Benzene: Ethyl benzene 


7.90 


6.10 


3.66 


lylefieeiEUiylbenzene 


8.19 


6.80 


8.93 


Ethyl ben: tie: Ethyl benzent 


LOO 

V 


loo" 


1.00 



- I oo- 
HETHYLCYCLOHEIANE 0,21 0.11 

2,5-DIBETHYLHEIANE 7.03 1.54 0.66 

4-tfETMYLCYClOHEXENE 
L-CHLQROPENTANE 
1,1,2-TRICHLQRQETHANE 

TOLUENE 2.16 * 1.36 

i t 3-0ICHLOROPRQPANE 
2-ttETHYlHEPTANE 
i t 2-9IBRQ«GETHANE 
l-OCTEHE 

TRANS1 .201HETHYLCYL0HEXAHE 
THAHS-4H3CTEJIE 
7ETRACHLQRQETHYLENE 
OCTANE 

2-flETHYl-l-HEPTBIE 
2H3CTEME 
CIS-l f 2-8inETHYLCYCLQHEXANE 

PRQPVLCYCLQPEHTANE 

! T H v LCfCLOHEiA?lE 

l-CfiL0H0HEXArt£ 

"HYLSENZENE 

STYSEME 0.22 0.2? 

L,4-BICHURQSUTANE 0.08 

(HYLEXE 3,32 9.60 

L,l,2 f 2-TETRAGtLQRQETMANE 

U2.3-TRICHUJRI3PRQPAME 

HHSti 

NONANE 0.74 

ISQPRQPYLBEMZefE 

2-W.0WT0LUE1E 0,31 

3-CHLQROTQLUBC 

IH>R0FYUEJtZBIE 

4h:hlqrotollo€ 

3-ETHYlTOLUENE 0.37 0.11 0.61 

4-ETHYLTQi.UBif 

1 ,3,S-TRI1«THYL£ESIENE 0.43 0.23 0.45 

2-ETHYIT0LUE8E 0.27 

T-BUTYLBEMZENE 1.00 

1,2,4-TRIHETHYLBENZEME 0.86 0.70 1.74 

l,3-DICHL0R0BEMZEW 

1-OECBIE 0.03 

IKHLQR0TPU1BC 

l t 3-0ICHL0R0PEHTAHE 

DECANE 1.70 1.77 1.7? 

SEC.BUTYIJENZENE 

3HCHUJRQHETHYU -HEPTANE 

1,2,3-TRlNETHYUEHZBiE 0.17 

l-iSOPROPUMHCTHYLBENZENE 4.64 

1,2-OlCHLOROBEHZESE 

IMIAi 

N-BUTYlCYCLQHnANE 

1,3-OIETHYLBEWBK 

1,4-BlETHYLBEMZEME 

&-9UTYLBEMBIE 

'M2-SIETHYLBBIZBK 

0ECAL1N 

'JNDECANE 4.74 4.17 4.53 

1,2,3,3-TETRAHETHYLBEKZEJIE 0.28 

DIISOPROPYUENZENE 0.58 

1,2,3,4-TETRAHETHYLBENZEJIE 0.65 0.2? 

TETRAUN 

DODECANE 7.1? 6.83 9.54 



SURVEY NAME 

SARN1A Q1IMNTS STUDY JUNE-JULY 1984 
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PLANE SAMPLE 
units U9/i3 . DATE: JULY 16/84 

txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxmxxxxxxxxxsxxxxxxxxxxx 

TIME PERIOD 



COMPOUND NAME 



1010-1020 1121-1151 

1029-103? 1229- 1244 



PROPANE 

PROPADIEHE 

PROPVNE 

CHLDROHETHftHE 

CYCLOPROPANE 

ZS08UTANE 

' I J !YL -HL3HI2E 

1.3-SUTADIEME 

MtWH 

L-9UTYNE 

CHLOROETHANE 

3-flETHYL-l-IUTEME 

2-HETHYUUTMC 

1-POTIME 

PEHTANE 

IEQPREME 

TWMtt-2-PEHTBE 

OICHLORCIIIETIMNE 

2-«fTwn-i-nrra«E 

2-OUW-2HCTHYLSUTA* 

3-CHLOROPROPEME 

2,2-aiKTHYUUTANE 

3-NETHYL-l-fENTENE 

2,3-OlNETHTUUTANE 

3-flETHYiPOITAME 

t-HBENE 

CI8-L ,2-OICHLaNETHVLENE 

2-CHLOROWTANE 

HEIAIE 

CHLOROFORM 

TRAN8-3-HEXBS 

J^CHUIRO-HETHilWOPEK 

netyhylcyclopqitaiie 
1 ,2-91chl0rqe7hane 

1,1,1-trichlqroethame 
1-chlorobutane 

bozene 

carbon tetrachloride 

cycloheiane 

2HfETMYUEIANE 
2,3-OIIlETHYLPEHTAME 
CYCLQHE3BC 
DIBROnanETHAME 

HSHfUCHK 

1,2-HCHLQROPRQPANE 

2,3-OICHLORQPROPAHE 

TRICHLOROETHYLEHE 

2,2,4-TRIRETHYLPENTANE 

I-HEPTEME 

HEPTANE 

KHL0RO-3-I1ETHYLIUTANE 



1.31 



v.a3 
3.31 

4.64 



13.99 8.23 

1,00 1.73 
0.33 0.34 



4,1? 
0.22 



0.84 



1 . 3t 



1.93 
0.10 

0.31 



13. 9B 
0.13 



0.13 

7.14 3.64 

0.16 2.52 

0.16. 0.37 

1.27 21.65 

0. 10 0.11 
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Totil hydracar&Qns uo/t3: 47,37 30.71 41,66 51.96 

Slkanti ug/i5 . 20.94 25.33 14.70 36.37 

Cydaalkaoes ug/a3 0.00 0.08 0.1S 0.1! 

Alkenis uq/b3 0.66 0.27 0.67 0.00 

Cydoalkcnas ug/a3 0.00 0.00 0.00 0.00 

Alfcynes u|/t3 0.00 0.00 0.00 0.00 

AroMtics ug/s3 25.73 24.66 26.14 14.15 

Chlorinated allcanii uq/a3 0.00 0.00 0.00 1.29 

Chlorinatad il knits ug/a3 0.00 0.00 0.00 0.00 

ChUrinatad areiaties uq/a3 0. 00 0.37 0,00 0.00 

Total I of esaptundi 

idffltifiid If 21 27 21 

Total I 94 peaks 62 77 77 80 

T ctil ifti -it atits 1442.73 14^2.29 12??. 95 1900.02 

iff a 2* identified seake 546.72 986.40 '09.63 1054.39 

Irtl 1 identified peals 38 66 55 56 

ToluarwEtftylbenzene 0.00 0.75 0.73 1.04 

3enzene:£tJiylbenZ8nt 11.17 7.05 5.25 2.82 

XylantasEtftylbanzant S.14 9.98 9.33 4.03 

Ethyl ban tRtiEthylbtnznt 1. 00 1. 00 1. 00 LOO 
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ITOYUY£LOHEIANE 


0.09 


0.40 




2 t 3-DIHETHYLHEIANE 


2,35 


1.27 




HIETHYLCYCLOHE1EHE 








l-CHLMQPEHTAIC 








L , 1 ,2-TRICHLEBtOETHAME 








TOLUENE 


1.55 


3.54 




1,3-OICHLOROPROPANE 








2-aETHYLHEPTANE 


■ 






1,2-OIBRQROETHAHE 








L-XTEHE 








TRAMSl,2DIBETHYLCYLDHEXWiE 




0,07 




TRANS-4-QCTEHE 








TETRACKLORQETHYLSNE 




1.01 




OCTANE 




0.44 




2-flETHYL- 1-HEPTEHE 








2-QETENE 








CIS-l,2-0WETHYLCYCLOHEIftNE 








CHLGRQ3ENZEHE 








psft^UfC'lJiPlfflKI 








g^4']Mf*fH pfflfj|fg 


,. 


.'; '*< t 




L-CHLQRQHEIANE 








rK'LSEHZEJIE * 


„•, "PS 


1.24 


'.% iii' 


H-nLENE 


«3,52 


j.-Ji 


1.18 


SIYIIHE 








L,4-SICHLQMBUTANE 








a-niENE 


0.2B 


1.93 


0,?l 


1,1,2,2-TETlACHLQROETHAII 








1,2,3-TRIEHLQROPRQPAHE 








1-ftQNOlE 








"LNfirlt 


0.27 


9. A3 


0.24 


ISOPMPYLBENZEIC 




0.33 


0.37 


2-CHLDWTOLUEME 








3-CHUKOTOLUEHE 








M-ffHVYLBEMZENE 








4-CHU3ROTOLUEHE 


0.17 


0.37 




3-ETHYITOLUEME 


0.10 


0.41 




4-ETHYLTOUOE 








L ,3,3-TRIHETHYLBEHZENE 








2-ETHVLTOLUENE 








T-iimiEMieiE 




0.83 




1,2,4-TRIKTHYLBEHZEHE 


0,21 


0.93 




l,3-i)ICHL0ROBEJ«ZEJ€ 








L-OECErtE 


» 






A-CHLOROTOLUEJE 








US-BICHLORQPOITAHE 








DECAME 




1.53 




SELIUTYUElZDiE 








3-(CHLQ10l!E7iYL)-«IPTAiE 








L ( 2 f 3-TRIICTHYLBE1IZBIE 








l-ISflnWPYL-4HCTI«LBBKEIE 








U2-9ICHL0RQBENZEW 








[MOAN 








(HUTYLHCLIMIAME 








1,MIETHVLBENZBC 








1,4-HETHYLflEMZEie 








N-flUTYLBEMZENE 








I , 2-DIETHYLBEMZENE 








DECAUN 








UN0ECANE 








L •2,3,5-TETRAHETHYLBEllZENE 








DIISOPRQPYLBENZENE 








I ,2,3, 4-TETRAnETHYLBEHZENE 








TETRALIN 








DODECANE 









- 1 94- 
SURVEY NAHE 

i 

SARNIA OXIDANTS STUDY JUNE-JULY 1984 

PLANE SAMPLE 
units <ig/§3 DATE: JULY 18/84 

nXXXttXtXXMtlXXXXXXXXXXttXXXMXXXXXtXXXKXXXtXXXXXXXXXXXXXXXMlXX^^ 

time PERIOD 
CQHPOUND MAHE 1144-1156 



PROPANE 0.42 

PROPADIENE 
PRQPYNE 
CKLQROHETHANE 
'CYCLOPROPANE 
I-02UTANE 
■ 13 '. 'I HI" IDE 

i,3-=UTADIENE 

BUTANE 0.30 

L-3UTCNE 

CHLDRQETHANE 

3-«ETHYL-l-9UTENE 

2-KETHYUUTANE 

1-PENTENE 

PENTANE 

ISOPRENE 

TRAN$-2-PENTENE 

MCHLOROHETHANE 

2-flETHYL-2-BUTENE 

2-CHLORO-2-NETHYUUTANE 

3-CHLQRQPRQPENE 

2,2-DIHETHYL3UTA«E 

3-HETHYL- 1-PENTENE 

2,3-DIHETHYLMANE 0,15 

3H1ETHYLPEMTANE 0.09 

l-KEXENE 

ClS-l t 2-flICHLQR0ETHYLENE 

2-CHLORQBUTANE 

HE1ANE 0,33 

CHLQROFORN 

TRANS-3-HEJENE 

3-CHL0R0-2-«ETHYLPR0PEHE 

RETYHYLCYaQPENTANE 

1,2-fiICHLORQEfflANE 

1,1,1-TRICHLOROETHANE 

l-CHLORQBUTANE 

BENZENE 9.24 

CARBON TETRACHLORIDE 

CYCL0HE1ANE 0.10 

2-NETHYLHEXANE 0.74 

2,3-DINETHYLPENTANE 0.40 

CYaOHEIBE 

BIBRONQHETHANE 

3-flETHYLHEXANE 0.20 

1,2-DICHLQROFRQPANE 

2 ( 3-0lQfl.ORQPROPANE 

TRICHLOROETHYUNE 

2,2,4-TRIHETHYLPENTANE 2.59 

1-HEPTENE 

HQ»TANE 0.11 

l-CHLORO-3-NETHYUUTANE 

TD*iie_i_uttiT«nir 
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Total hydrocarbons ua/a3i 20.04 

Alkanes ug/i3 &.61 

Cydoalkanes ug/a3 0.10 

Alkenes ag/io 0.00 

Cydcalkenes ug/i3 0.00 

Aikynes ua/i3 0.00 

Areutics «Jfl/e3 13,33 

Chlorinated alkanes ug/a3 0.00 

Chlorinated alkenes ug7i3 0.00 

Chlorinated aroaatics uaya3 0,00 

Total I of caapounds 

identified 21 

Total I of peaks 43 

Ves :f iieatififd osaks !73»ff 

Area ". identified peaks 33 

Toiuene:EthyLbenzsne 1.61 

Benrene: Ethyl benzene 24,32 

XylsnesiEthYlbenzene 3.6B 

EtbylbeazenetEtnylbenzsne 1,00 



^LTlLODDQCHlbU* 



